Abstract-The purpose of this paper is to apply the new test of financial market contagion to test for equity markets in
I. INTRODUCTION
Three financial crises came one after another during the period of 2007-14. The subprime mortgage crisis broke out in mid-2007, followed by the global financial crisis of 2008 to 09 called the "Great Recession", and the final one was the European debt crisis at the beginning of 2010 occurred in the Europe zone. The magnitude of financial shocks for these crises was dramatic and worldwide which influenced not only the domestic assets markets where it happened, but also another regions' with who were connected by financial transactions and trades. Transmissions of these severe financial shocks from one assets market to another are always far exceeding expectations compared with the market linkage and the dependence structure in the normal period [4] . Forms of the unexpected change include the change in the codependence structures across financial markets, unusual correlation and also another additional crisis transmitting channels such as higher order co-moments of the assets returns [5] . The difference in volatility has been researched in [1] .
For testing such unforeseen change in the many types of market linkages between two financial markets due to the financial crisis, the definition of "co-movement" or more accurately "contagion" has been present to name this phenomenon. There are many versions describing the terms comovement and contagion in the earlier researches, and this paper use the definition based on [3] : a significance increase in cross-market linkages after a shock. There are many ways measuring severe financial turbulence such as financial crisis and describing the effect of crisis transmitted from the crisis source country to another such as co-movement called contagion on the stock market of a region, but only few discuss further about the contagion effect on a domestic industry and investigate their financial performance transmission channels for contagion. [3] Detected the change in unconditional correlation coefficient to test for contagion. [2] Focused on the non-linear relationship. A class of new testing method was developed by [5] , [6] , [7] and [8] which used higher order comoments to test the properties of the distributions of assets return.
This article attempts to investigate the contagion effect on Australian financial companies. The definition of contagion phenomenon: a significant change in cross-market joint comoment after a financial shock [8] has been applied. The paper measures whether there was such a financial contagion from the US to Australian financial firms during the financial crisis during the period of 2007-2014 which consists of the US subprime mortgage crisis, global financial crisis (also called the Great Recession) and the European debt crisis by using the method of joint test, which consists of linear and higher order co-moments such as: cross-market correlation [3] , cross-market skewness (or co-skewness: the relationship between the asset return in market i and the return volatility in market j) [5] , cross-market kurtosis (or co-kurtosis: the relationship between the asset return in market i and return skewness in market j) and cross-market volatility (or co-volatility: the relationship between the return volatility of markets i and j) [7] . The higher order co-moments are derived by assuming the distribution of markets stock return as a bivariate normal distribution with the higher order moments and co-moments, and the normality is certified by calculating the Lagrange Multiplier statistic. The results reveal that the joint test of contagion provides the evidence of contagion from the US to the Australian financial firms transmitting through the correlation, co-skewness, cokurtosis and co-volatility during the global financial crisis of 2007 to 14.
The remainder of this paper is organized as follows. Section 2 discusses a number of preliminary empirical results including data filtering and identification of equity market shocks. Section 3 specifies the contagion test based on changes in joint co-moments. Section 4 presents the main empirical results.
Section 5 contains some concluding comment and suggestions for future research.
II. THE DATA AND SAMPLE
This paper is to identify financial linkages between two assets markets and to test for the significance of contagion transmission channels during the financial crisis of 2007 to 14. Data consists of the daily US banking stock market index and daily stock prices of the 71 observations of Australian financial firms. The data is collected from Bloomberg and they are listed under the category of "Asian developed region, financial". Due to data available during the period of 2005 to 14, only 71 financial firms are selected and included 27 financial services firms, 33 real estate companies, 7 banks and insurance companies with the number of 4.
When detecting financial market contagion, the source crisis market needs to be defined. The crisis source is assumed to be the US banking sector which is calculated as the US Bank sector index [7] . The Australian daily stock price index and the US banking sector index were collected during the period of January 1 st , 2005 to December 31 st , 2014 so as to measure the change of the relationship between two assets markets. Based on the paper of [3] , the stock prices were transformed into daily equity return calculated as:
where . is the daily price of company at time . The precrisis or non-crisis period is defined as the date before the US subprime mortgage crisis happening and subscript with (from 1940 , which covered the US subprime mortgage crisis, global financial crisis and the European debt crisis). The chosen dates are according to [6] , which processed a regime switching model to figure out. The regime switching model is estimated by using Bayesian simulation on the equity returns data of a source market (i.e. the US for the subprime mortgage crisis) to estimate trigger events for severe financial turbulence.
III. JOINT TEST OF CONTAGION
The joint test of contagion developed by [7] and [8] is based on identifying significant changes in correlation, coskewness, co-kurtosis and co-volatility together between a crisis period and a non-crisis period in the meantime. The noncrisis period is denoted as and during-crisis period as . The test statistic ( ) to test for contagion from a source market i to a recipient market j is:
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The non-crisis period is denoted as , and the crisis period is denoted as . The sample sizes of the non-crisis and crisis periods are and respectively. The correlation between the two asset returns is denoted as (non-crisis period) and (crisis period). ̂ , ̂ , ̂ and ̂ are the sample means of the asset returns for markets i and j during the two periods, and , , and are the corresponding sample standard deviations.
The first term of equation (2) measures changes in the adjusted crisis period correlation ( | ) compared to a noncrisis period correlation ( ), while the next two part capture changes in both forms of co-skewness ( 1, 2; 2, 1). The fourth and fifth terms measure changes in both forms of co-kurtosis ( 1, 3; 3, 1), while the sixth term captures changes in co-volatility ( 2, 2) across the two regimes (from the US to the Australian). The last two terms allow for the interaction effects between the even order moments.
If there is no contagion phenomenon during the financial crisis, the linear and higher order co-moments between the non-crisis and during-crisis period should be the same. To test that there is financial market contagion based on change in correlation, co-skewness, co-kurtosis and co-volatility between the non-crisis and crisis period, the null and alternative hypotheses are
for both forms of co-skewness ( 1, 2; 2, 1), both forms of co-kurtosis ( 1, 3; 3, 1) and co-volatility ( 2, 2) . Under the null hypothesis of no contagion, the test statistic is asymptotically distributed as → . If the test statistic ( ) is greater than the critical value 12.59, we can reject the null hypothesis at 5% significant level. The result suggests that there is financial market contagion from asset market i to market j at 5% significance level.
Before conducting the joint test of contagion in equation (2) , the stock data is filtered in the same way as in [3] to control for market fundamentals (i.e., cross market relationships that always exist) and address the serial correlation problems in the data set. That is, a vector autoregressive model (VAR) model is given by
where and are the daily returns of source market i (the US Banking index) in the non-crisis and crisis period, respectively. and are the returns of recipient market j (Australian financial firms) in the non-crisis and crisis period.
is the transposition vector of returns of stock markets and Australian financial firms during the non-crisis (x) and crisis (y) periods; ∅ is a vector of lags and is the term of the residual vector. According to the criteria of the sequential modified log-likelihood ratio test statistic (LR) and Akaike information (AI), L is selected as 5. Residuals for the VAR (5) model are regarded as the financial shocks used for the calculation of the correlation, co-skewness, co-kurtosis and co-volatility of JT test statistic in equation (2).
IV. EMPIRICAL RESULTS
The joint contagion test described in Section 3 is applied to test for contagion in Australian financial firms during the global financial crisis of 2007 to 14. The source market is defined as the US banking sector and the recipient firms are 71 selected Australian financial firms. The joint test developed by [8] is applied and the results of contagion are illustrated in the Table 1. Based on Table 1 , all of the Australian financial firms except for Mirvac Group and Peet Ltd companies are proved to be influenced by the global financial crisis of 2007-14 with the source market to be the US banking sector since the joint test statistics are greater than critical value at 5% significance level. The results suggest that the Australian financial sector is affected by the global financial crisis of 2007-14. TABLE1 (2) follows the chi-square distribution with six degrees of freedom six ( ). "*" denotes at 5% level of significance level. Ltd and Corp are the abbreviation of limited and corporation. Real Estate Investment Trust is abbreviated as REIT.
V. CONCLUSIONS
This paper studies the impact of global financial crisis of 2007 to 14 on Australian financial firms. The joint test of contagion developed by [8] is applied to test for contagion between the US banking sector and the 71 Australian financial firms during the global financial crisis 2007 to 14. The joint test has an advantage over the single channel tests of contagion in the literature that it can perform better when detecting the existence contagion by investigating the significant change of both linear and higher order co-moment channels together. When the contagion did happen, the joint test could detect it if there was a change in at least one channel of the correlation (the second order co-moment) to covolatility (the fourth order co-moment). The empirical results show that Australian financial sector is affected by the global financial crisis of 2007-14 transmitting from the US banking sector.
